The results from a trial of spinal cord stimulation (SCS) for intractable deafferentation pain in chronic spinal cord injury is presented. Adequate periods of SCS both above and below the level of the lesion had no effect on the subjects' pain. It is concluded that SCS has no role in this group of patients. The physiological reason for this ineffectiveness is considered.
reasonably successful for varying lengths of time, (Krainick 1980) . It therefore seemed logical to assess its usefulness in SCI in which pain is also associated with deafferentation.
Methods
The technique of SCS has been extensively described elsewhere, (Cook, 1973; Illis et at. , 1976) . In Southampton patients are placed prone on an X-ray screening tube and under local anaesthesia a Medtronic electrode is introduced into the epidural space under X-ray control. It is advanced gently up the space until its tip is several segments rostrally overlying the spinal cord. It is then connected to a power source with the earth pad placed in a convenient position on the skin. The patient is asked what they feel and the best position is that there should be a warm tingling sensation going down into the legs. The patient is then allowed to control the rate, (between 10 and 100 Hz), the amplitude of the current, (1-10 rnA), and the duration of each pulse, (10-100 us), themself and is encouraged to experiment to optimise the response.
The temporary electrode passes out of the skin and is covered in dressings. After a suitable period, if considered effective, the whole system can be made internal by connecting the electrode with a subcutaneous receiver operated by an ariel placed overlying the receiver over the skin. If no effect is found within a reasonable period between one week to a month or so then the electrode is removed. The procedure has been passed by local hospital ethical committees and each patient's informed written consent is gained.
Patients
The procedure was tried on 4 patients with intractable central deafferentation pain following SCI.
Subject 1 was a 26-year-old'man with a clinically complete T9-TlO lesion following a road traffic accident 2 years previously. His pain had begun 2 weeks after the injury and initially was in the feet and described as being intermittent.
Slowly it had spread to cover the scrotum and rectum. Although there was a day to day variation on a bad day it became intolerably sharp and even at its least was a dull pins and needles pain. It continued to worsen in the year before he was seen.
He had tried Distalgesic, DF 188 and Temgesic without effect. On examination he had a complete sensory lesion at T9 on the left and TlO on the right. No movement was possible below the lesion, the legs were extremely spastic with frequent flexor and adductor spasm.
Subject 2: A 43-year-old man with a T11112 injury for last 16 years. Since the injury he has had no movement, no sensation and no continence below the injury.
His pain had begun a few months after the injury and was localised to the back, buttocks and across the thighs to reach the knee. Initially it had been present on alternate days but had soon become more persistent. He described it as being on an analogue scale 7 out of 10 for 95% of the time and 9 out of 10 for 5% of the time. He had tried DF 118 and Temgesic. On examination he had a T8 lesion on the right, T6 on the left to all sensory modalities. There was no movement and no reflexes in the legs. Subject 4: A 41-year-old woman who 3 years earlier had had a thoracic SCI secondary to a road traffic accident. Since then she had had no movement or sensation in the legs. The pain had begun a few weeks after her injury. She described it as occasionally sharp and stabbing but present to some extent all the time. She had tried Paracetamol, Omnopon, Carbamazepine and had had paravertebral blocks without effect. On examination her legs were flaccid in tone with no movement and no reflexes. There was absence of sensation in the legs.
Results
The number and effect ofSCS procedures are shown in abbreviated form in the Table. In subject 1 an epidural electrode was positioned at T7 in the midline for 3 days giving continuous stimulation which was felt in the T6/7 dermatome in the area of the ribs. Despite several attempts at moving the electrode no sensation could be felt Nil below the level of the lesion. The stimulator sensation was separate to and had no effect on the pain. It was subsequently removed.
Two spinal cord stimulating electrodes were inserted into Subject 2. The first through the T7/8 intervertebral space and it was passed to T3 level. The second through the LlIT12 space and this was positioned at TI2 level. The first electrode, when stimulated and connected to the surface earth gave sensation in the low back area but no sensation in the painful area. The second electrode produced no sensation before the activation of motor neurons leading to twitching of the legs.
When the electrodes were connected to each other there was no sensation before reaching threshold for muscular twitch. No effect on pain was felt despite 4 days of trial.
A second set of electrodes was tried, a rostral one at TS and a caudal one at TlO.
Once more stimulation of the caudal one below the level of the lesion produced only twitch movement and no sensation. The TS electrode gave sensation in a T8-9 distribution, suggesting that it was in a good midline position and giving projected sensation. However this sensation did not go down below the level of the lesion and had no effect on the pain. Two weeks trial of various electrode configuration had no effect on the pain, there having been no overlap of the projected area and sensation and the painful area itself.
In Subject 3 electrodes were placed at the TS level through the T8/9 interspace.
Whilst this was being done she claimed vaginal sensation but this could not be sustained and she was left with sensation only in the TS segmental distribution.
Positioning the second electrode at T8 just above her lesion gave some projected sensation into the legs and vagina but this position was too close to the site of insertion of the electrode for it to be maintained. A further insertion and positioning of the electrode at the T 4 level gave sensation in the legs but no analgesic effect was reported after several days trial. This was an interesting situation because she claimed to be perceiving some sensation below what was apparently a clinically complete lesion. In view of this it was decided to try SCS below her lesion and an electrode was passed through the L3/4 space and threaded rostrally to the TI2 level. Stimulation there produced some sensation in both rectum and vagina but again this was not sustained and after 3 days of stimulation had had no effect on her pain and so it was withdrawn.
Subject 4 had had an internal fixation of her mid-thoracic vertebral fracture and so it was necessary to pass the electrode rostrally at around T7 and advance it to T3 level before stimulation. At this level she had sensation in the chest on both sides and at the base of the spine but no projection into the legs and no overlap of the stimulator and pain sensations. Initially the patient thought her pain had been reduced but this was not a sustained change and so the electrode was removed.
After a short period she returned for a second trial of spinal cord stimulation when an electrode was introduced at the same place. Once more she initially thought it was relieving the pain but over the next few days the pain returned and so after a week of stimulation the electrode was withdrawn and the trial discontinued.
Discussion
The main finding from the study is that SCS is not an effective technique for the relief of chronic deafferentation pain projected below the level of complete SCI. convincing. This is in contrast to its proven effectiveness in some other pain syndromes. The reason for this will be considered.
In other deafferentation pain syndromes SCS is only effective when the projected sensation from stimulation is felt in the painful area, (for review see Krainick and Thoden, 1989) . In phantom limb pain, when damage has occurred to a peripheral nerve, stimulation of dorsal column afferents in the spinal cord can still lead to this. However the intractable pain considered in the present paper was projected below the level of the lesion rather than being in a root distribution in subjects with complete SCI.
The intractable pain is likely to arise centrally although its exact site or site of origin is not known. It has been considered to arise from the damaged remnant of the spinal cord stump, (Holmes, 1917) . Against that, however, Melzack and Loeser, (1978) , have described several patients in whom this pain was not permanently relieved by complete cord transection. As they discuss, deafferentation pain may be a result of complex reorganisation within the central nervous system at levels above the cord even though the initial stimulus leading to pain was related to 
